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Abstract 
The work presented in this thesis is organized into three parts. Part I contains chapter 1 and which describes the introduction of the thesis. Chapter 1 explains the sudden polarization phenomenon or zwitterionic intermediates in the organic photochemical reactions and also the dual fluorescence phenomenon. Part II divides into three chapters. Chapter II deals with wavelength dependent regioselective E (trans) to Z (cis) isomerization and quantum chain isomerization in 9-anthryldiene derivatives the highly polarized or charge transfer excited state behavior of anthryldiene derivatives and its role in Z (cis) ? E (trans) isomerization and dual fluorescence phenomenon is explained. Chapter 3 explains E (trans) to Z (cis) isomerization of 9-anthraceneacrylic esters in organic solvents and micellar environment. Chapter 4 deals with the synthesis and photoisomerizatioin behavior of substituted aryl enones. Part III contains Chapter 5 and which deals with the synthesis of various o,o'-methylenebridged bisphenols used for making negative tone photoresists. 
Part I Chapter 1: This chapter gives the general introduction on highly polarized/ charge transfer / zwitterionic excited states in organic photochemical reactions and the concept of "Intramolecular Charge transfer" (ICT) excited states with emphasis on cis-trans photoisomerization of substituted ethylenes or polyene systems. Theoretical studies advanced by Salem and Koutecky suggests the involvement of highly polarized/charge transfer excited state in photoisomerization of substituted ethylenes or polyenes system. When the olefin system is rotated about the ? bond, it has been conjectured that the system exhibits extremely large polarization response to an external electric field as rotational angle of 0o approaches to 90o. The rotation or twisting (90o) of the double bond leads to an excited perpendicular (p*1) singlet state. The deactivation of p*1 involving of 180o rotation will lead to Z (cis) isomer, where as rotation involving back to 0o will lead to E (trans) isomer. Salem / Koutecky termed the phenomenon as "Sudden Polarization". Theoretical studies carried out by various researchers indicate that optically excited olefins acquire zwitterionic character (Scheme 1). Scheme 1: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO1.jpg" \t "_blank​) Excited state dipole moments determined for some molecules were also discussed in favour of highly polarized singlet excited state. Spectroscopic studies like transient absorption, lifetime measurements, picosecond optical calorimeter techniques, time resolved resonance Raman technique, time resolved FT-IR technique and time resolved microwave conductivity technique provided further support to the nature of the singlet excited olefins. Many examples of olefins undergoing Z (cis) ? E (trans) photoisomerization involving a possible highly polarized singlet excited state are discussed (Scheme 2). 
Scheme 2: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO2.jpg" \t "_blank​) 
Part II Chapter 2: Wavelength Dependent Regio Selective E (trans) - Z (cis) Photoisomerization and Quantum Chain Isomerization in 9-Anthryldiene Derivatives. Substituted 9-Anthryldiene derivatives 1-5 (Chart 1) were synthesized to study photoisomerization process. The E (trans) and Z (cis) isomers were prepared synthetically by adopting standard procedures and also isolation of them from their photo mixtures. All the compounds were characterized by 1H-nmr, 13C-nmr, Mass, HRMS, IR & UV. 
Chart 1: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO3.jpg" \t "_blank​) Interestingly 9-anthryldiene derivatives carrying electron withdrawing end group underwent wavelength dependent regioselective E (trans) to Z (cis) isomerization from the singlet excited state. The all compounds were irradiated using 450W medium-pressure Hg arc lamp coupled with filters and also rayonet reactor. Compounds 1,2 and 3 underwent efficient E (trans) to Z (cis) photoisomerization leading to 4-cis isomer selectively (Scheme 3; Table 1). The time dependent E (trans) to Z (cis) photoisomerization was also conducted and the result is the accumulation of 4-cis (Table 1). The Z (cis) isomers were prepared synthetically by adopting standard procedures (Chart 1) and also by isolating them from the photo mixtures. By changing the wavelength of irradiation, there is a change in the product distribution indicating the importance of wavelength dependency (Table 1). The very high yield of (~94%) of 4-cis formation is explained due to higher light absorption of 1 at the given >400 nm irradiation. Triplet sensitization studies revealed that triplet state is effective in bringing Z (cis) to E (trans) isomerization and not E (trans) to Z (cis) (Table 2). The compound 4 and 5 did not exhibit photoisomerization upon direct excitation and triplet sensitization. 
Scheme 3: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO4.jpg" \t "_blank​) 
Table 1: Wavelength Dependent Photostationary Composition of 9-Anthryldiene Derivatives: Table 1: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO5.jpg" \t "_blank​) 
Table 2: Triplet Sensitized Photostationary Composition of 9-Anthryldiene Derivatives Table 2: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO6.jpg" \t "_blank​) The quantum yield of isomerization upon direct excitation (366 nm) of these anthryldiene derivatives determined in various solvents (Table 3) reveals that isomerization is a relatively efficient process upon direct excitation. Interestingly E (trans) to Z (cis) and Z (cis) to E (trans) quantum yield of isomerization processes are comparable. More importantly we have determined the concentration dependence of the quantum yield of the trans to cis isomerization for 1,2 and 3 (Table 3). All the compounds display an increase in the quantum yield of isomerization as the concentration of the substrate increases indicating the "quantum chain isomerization" phenomenon is in operation. 
Table 3: Concentration Dependent Quantum yield Isomerization of 1,2 and 3 Upon Direct Excitation: Table 3: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO7.jpg" \t "_blank​) Absorption and Fluorescence studies carried out in various solvents (Table 4). There is not much change in the absorption maxima by changing the solvent polarity for all the compounds. The fluorescence emission maxima are red shifted as the solvent polarity increases (fluorescence solvatochromism) in the case of 1,2, 3 and 4-cis-1. The fluorescence quantum yield decreases drastically as the solvent polarity changed from hexane to methanol. The two compounds 4 and 5 did not exhibit fluorescence solvatochromism and also they are highly fluorescent (? flu > 0.82). These studies indicate that anthryldienes carrying electron withdrawing end group 1,2 and 3 (negatively substituted) respond to solvent polarity, there by informing the polar nature of the singlet excited state (Scheme 4). 
Table 4: Absorption and Fluorescence Properties of 9-Anthryldiene Derivatives: Table 4 : Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO8.jpg" \t "_blank​) 
Scheme 4: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO9.jpg" \t "_blank​) The above Scheme 4 provides a mechanism for the isomerization process. Optical excitation of 1 leads to the formation of charge-transfer (CT) excited state (supported by the fluorescence studies). Thus formed CT State undergoes twisting / rotation (90o) specifically at the 4-5 double bond leading to the formation of a "twisted dipolar" excited state (Dauben intermediate) and which leads to the formation of 4-cis isomer thus achieving the regioselectivity. In conclusion it's shown that anthryldienes 4 and 5 not showing E (trans) to Z (cis) isomerization are modified with electron withdrawing end group and there upon they displayed regioselective E (trans) to Z (cis) isomerization involving a charge-transfer excited state 
Chapter 3: Photochemical E (trans) - Z (cis) Isomerization in 9-Anthracene acrylicesters: This chapter deals with the synthesis and photoisomerization process of 9-anthracene acrylicesters. Several 9-anthracene acrylicesters (6-11; Chart 2) were synthesized by adopting standard procedures and their Z isomers were prepared from their photo mixtures. All the compounds characterized by 1H-NMR, 13C-NMR, Mass, HRMS and UV. 
.Chart 2: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO10.jpg" \t "_blank​) All the compounds 6-11 underwent very efficient E (trans) to Z (cis) isomerization upon direct excitation using >400 nm irradiation. The isomer composition is found to be different, at the ~350 nm (RUL-3500; Rayonet reactor) and >300 nm (450 W Hg lamp; pyrex filter) irradiations (Table 5). The photoisomerization of 6 was monitored at various time intervals (>400 nm irradiation) and the result is the accumulation of over >96% (Scheme 5) of the Z- isomer and these studies indicate the E (trans) to Z (cis) selectivity. Photochemical E (trans) to Z (cis) isomerization was conducted in CTAB and SDS micellar environment (Table 6). The photostationary state composition is 30: 70 (E: Z) upon direct excitation, (>400 nm) in micellar environment. The wavelength (>400 nm) dependent E (trans) to Z (cis) selectivity noticed in organic solvents is not observable in micellar environment. 
Table 5. Isomer Composition Upon Direct Excitation of 6E-11E: Table 5 : Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO11.jpg" \t "_blank​) 
Table 6. Isomer Composition Upon Direct Excitation of 6E-11E in Micelles: Table 6 : Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO12.jpg" \t "_blank​) 
Scheme 5: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO13.jpg" \t "_blank​) The triplet sensitization studies conducted on 6-11 are found to be ineffective and there is no E (trans) to Z (cis) isomerization observed (Table 7). The Z isomers of 6-11 are found to undergo efficient, almost complete one-way conversion to E isomer. Quantum yield of isomerizations were determined for E (trans) to Z (cis), Z to E upon direct excitation and triplet sensitized Z to E. Quantum yield of Z to E isomerization upon triplet sensitization is interesting because the values are well above unity (Table 8). 
Table 7. Isomer Composition Upon Triplet Sensitization of 6Z-11Z, 6E and 11E: Table 7 : Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO14.jpg" \t "_blank​) 
Table 8. Quantum yield of Photoisomerization of 6E-11E and 6Z-11Z Table 8 : Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO15.jpg" \t "_blank​) Absorption and fluorescence studies were conducted to understand the nature of the excited state. Absorption spectra were recorded for all of the compounds in various solvents, CTAB and SDS micelles. The generated data are complied in Table 9. The absorption maxima did not change upon changing the medium (Table 9). Which informs that there is not much ground state and medium interaction. The Fluorescence maxima showed a red shift of ~20nm (Table 9) upon changing the nonpolar solvent hexane to polar solvent acetonitirle/methanol/micells. There was a decrease in the quantum yield of fluorescence upon changing the nonpolar hexane to polar solvents acetonitirle/methanol/micells. The red shift observed in the emission maxima and the decrease in the quantum yield of fluorescence up on changing the solvent polarity throws light on the singlet excited state as being charge transfer or polar in nature. 
Table 9. Absorption and Fluorescence Data for 6E-11E and 6Z, 8Z, 11Z Table 9 : Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO16.jpg" \t "_blank​) The light absorption (>400nm) by the E substrate followed by structural changes in the molecules leads to the formation of Intramolecular Charge Transfer (ICT) or polar singlet excited state. The formation of CT State is conformed by the Fluorescence studies. Thus formed ICT or polar emission state (Scheme 6) would under go rotation around double bond to give Z isomer. The formation of triplet state from the CT or Polar nature may not be possible, because of very high E to Z selecting observed, and also the E triplet did not give Z isomer. The Z isomer is found to undergo efficient one-way Z to E isomerization for the Triplet state. 
Scheme 6: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO17.jpg" \t "_blank​) 
Chapter 4: Synthesis and E (trans) - Z (cis) Photoisomerization Behaviour of Substituted Aryl Enones. The chapter 4 describes preparation and photoisomerization of Substituted aryl enones 12-17 (Chart 3). Earlier (Chapter 2 and Chapter 3) observed photochemical E (trans) to Z (cis) isomerization in 9-anthracene dienes and acrylic esters, there is very high selectivity (more than 94%) of thermo dynamically less stable Z isomer was observed. Now in these studies we have introduced carbonyl group in between anthracene and double bond. It is very interesting that these do not under go any isomerization upon direct excitation at various wavelengths. But 2-furan substituted aryl enones 18 & 19 (Chart 3) undergo isomerization upon direct excitation at various wavelengths to give thermodynamically less stable Z isomer (less than 15%). In this way several ketones were prepared (Chart 3) adopting standard procedures. All the compounds were characterized by 1H-nmr, 13C-nmr, Mass, HRMS, IR and UV. 
Chart 3: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO18.jpg" \t "_blank​) Compounds 12-17 did not exhibit E (trans) to Z (cis) isomerization upon irradiations at various wavelengths (>300nm, >350nm, >400nm) and in various solvents. Irradiations were conducted for longer times also (up to 24 hours) not effected for isomeization. But compounds 18 & 19 under go isomerization upon direct excitation to give thermodynamically less stable Z isomer (~15%, Table 10). Earlier reported 9-anthnracene olefin irradiations undergo isomerization with in 15 min to 94% Z isomer (Chapter 1&2). Another interesting thing is all the compounds do not show fluorescence at room temperature. 
Table 10: Isomer Composition Upon Direct Excitation of 12-19: Table 10 : Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO19.jpg" \t "_blank​) All above observations indicate that the requirement for isomerization is an anthracene conjugated with the olefinic double bond of an enone, as well as require formation of charge transfer singlet excited state. But here there is no conjugation with 9-anthracene moiety, and these compounds don't show fluorescence. So charge transfer or polar excited state was not formed (Scheme 7). This is in contrast to the general behaviour of 9-carbonyl substituted anthracene excited state being quenched by the transfer of electron to the triplet n?* level (Scheme 7). 
Scheme 7: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO20.jpg" \t "_blank​) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO21.jpg" \t "_blank​) Above mechanism provides 9-anthrancene substituted enones typically are non-fluorescent as well as no isomerization. Because of there is no formation of Charge Transfer / Polar singlet excited state and possibly of efficient ISC to the triplet state. In general triplet excited state did not exhibit E (trans) to Z (cis) isomerization and as well as non-fluorescent at room temperature. In the case of Compounds 18 & 19 optical excitation leads to the formation CT or Polar nature of the singlet excited state to give Z isomer. But here may be it was not stable (Scheme 7), because of the formation of CT State is confirmed by Fluorescence studies, but both compounds are non-fluorescent and possibly of efficient ISC to the formation triplet state (Scheme 7). That is the reason formation of Z isomer is very less. 

Part III: Chapter 5: Preparation of various o, o'-Methylene Bridged Bisphenols used for making -ve Tone Photoresists. This chapter deals with the preparation of Bisphenol A and o, o'-methylene bridged bisphenols 20-22 (chart 4 & Chart 5) and their importance. Bispenol A is a very important raw material for the synthesis of epoxy resins and other polymers, and key intermediate for -ve tone photoresists compounds. Photoresists are widely used in electronic industry for the past several decades. The trend in usage of photoresists is still increasing. The basic fundamental principle involved in the photoresists is the photochemical generation of reactive intermediate in a polymer environment and its subsequent chemical reaction or physical change leading to resist. These photoresists have become "Strategic Materials" for INDIA. 
Chart 4: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO22.jpg" \t "_blank​) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO23.jpg" \t "_blank​) 
Reagents: (i) Acetone, dry HCl; (ii) PhCH 2Cl (1 eq.), K 2CO 3 (1 eq.), KI, Acetone reflux for 24h.; (iii) Mg (1 eq.), EtBr (1 eq.), Ether, 25oc, 30 min.; (iv) 20a (1 eq.), Ether, 30 min. then Benzene 25oc to 80oc; (v) Para formaldehyde (0.5 eq.), 80oc, 20h (80%) ; (vi) H 2-Pd/C, Methanol, 25oc, 6 h. Bisphenol A (20) was prepared conveniently by using phenol condensation with acetone in the presence of dry HCl to get pure crystalline Bisphenol A. O, O'-methylene bridged Bisphenols (21 & 22) were prepared had to be developed protection/deprotection procedure and metal template ortho selective regiospecific coupling reactions followed by Para formaldehyde. At first, treatment of the Bisphenol A with benzyl chloride and K 2CO 3, KI in dry acetone reflux 24 hours, gave a mixture of monoprotected phenol (85-90%) and diprotected bisphenol (10-15%). Silicagel column chromatography afforded the desired monoprotected bisphenol (20a). Then the metal phenoxide of the mono protected 20a was generated by treatment with EtMgBr and subsequent coupling using para formaldehyde in refluxing benzene for 20h selectively gave ortho-ortho link protected dimer 20b in 80% yield. The protected dimer could be conveniently deprotected using H 2-Pd/C to get Bisphenol A-dimer (21). The site selectivity of the coupling reaction was evident by the appearance of a singlet at ? 3.7 ppm in 1H-nmr on a signal at ? 30.9 ppm in the 13C-nmr spectrum. Which are characterstic of an ortho-ortho methylene bridge. Compound 20b was key intermediate in the synthesis of both linear and branched model tetramer containing only free ortho positions. The synthesis of the branched system was carried out in 4 steps form protected dimer 20b (Chart 5). Coupling of the magnesium bromide salt of protected dimer 20b, using the standard conditions afforded the carbon skeleton 20c require for the branched protected tetramer 20c in an excellent yield (92%). The branched model resin 22 (Chart 5) was obtained after removal of the benzyl group using H 2-Pd/C, Methanol, 25oc, 6 h. 
Chart 5: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a133_figureNO24.jpg" \t "_blank​) Reagents: (i) Mg (2 eq.), EtBr (2 eq.), Ether, 25oc, 30 min.; (ii) 20b (1 eq.), Ether, 25oc, 30 min, then benzene, 25oc to 80oc; (iii) Para formaldehyde (0.5 eq.), 80oc, 20 h. (92%); (iv) H 2-Pd/C, Methanol, 25oc, 6 h.

